Objective: The purpose of this study was to extend our earlier work to determine the extent to which cardiorespiratory fitness is associated with the frequency of memory problems via its effects on the hippocampus and spatial working memory. We hypothesized that age, sex, education, body composition, and physical activity were direct determinants of fitness, which, in turn, influenced frequency of forgetting indirectly through hippocampal volume and spatial working memory. Method: We conducted assessments of demographic characteristics, Body Mass Index (BMI), physical activity, cardiorespiratory fitness, hippocampal volume, spatial working memory, and frequency of forgetting in 158 older adults (M age ϭ 66.49). Path analyses within a covariance modeling framework were used to examine relationships among these constructs. Results: Sex, age, BMI, and education were all significant determinants of cardiorespiratory fitness. The hypothesized path models for testing the effects of fitness on frequency of forgetting through hippocampal volume and accuracy and speed of spatial working memory all fit the data well. Conclusions: Our findings suggest that older adults with higher levels of fitness show greater preservation of hippocampal volume, which, in turn, is associated with more accurate and faster spatial memory and fewer episodes of forgetting. Given the proportion of older adults reporting memory problems, it is necessary to determine whether improvements in fitness brought about by physical activity interventions can result in subsequent attenuation of memory problems or potentially in improvements in memory.
The forthcoming decades will witness a dramatic increase in the population of older adults in the United States, resulting in an increased prevalence of individuals at risk for, and living with, chronic disease and functional disability (CDC, 2008) . To some extent, preventive health behaviors such as a healthy diet and regular physical activity can reduce these risks. In particular, physical activity can enhance cardiorespiratory fitness, which is associated with a decreased risk of all-cause mortality and chronic illnesses, especially cardiovascular disease (Blair et al., 1996; Carnethon, Gulati, & Greenland, 2005) . Importantly, cross-sectional studies and randomized clinical trials suggest that cardiorespiratory fitness is associated with brain structure and function. For example, Colcombe et al. (2003) reported that loss of tissue densities in the frontal, parietal, and temporal cortices due to aging were substantially reduced in adults with higher levels of cardiorespiratory fitness. Additionally, improvements in fitness brought about by exercise training have been associated with improvements in processing speed and executive function (Kramer et al., 1999) . Colcombe et al. (2004) also demonstrated that aerobically trained older adults had greater task-related activity in regions of the prefrontal and parietal cortices that are involved in selective attention and inhibitory functioning.
The aging process has well-documented effects on brain structure, in particular, the hippocampal region (Raz & Rodrigue, 2006) . Longitudinal studies suggest that hippocampal volume shrinks at a median rate of 1.23% per year (Raz, 2004) , and this rate is twice as great in healthy older adults than in younger adults . Compromised hippocampal volume, in turn, has been associated with poor spatial working memory in humans (Kelley et al., 1998; Maguire, Frackowiak, & Frith, 1997) and rodents (Seamans, Floresco, & Phillips, 1998) . Importantly, spatial working memory tasks are often composed of cognitive skills that are largely dependent on a fully functioning hippocampus (Lee, Jerman, & Kesner, 2005) . Whether higher levels of cardiorespiratory fitness play a protective role in the preservation of hippocampal volume is an important research question, given that fitness is modifiable with increased exercise participation. This relationship has been studied in animals, and this literature provides evidence that exercise facilitates hippocampal neurogenesis (Pereira et al., 2007; van Praag, Kempermann, & Gage, 1999; van Praag, Shubert, Zhao, & Gage, 2005) , which has been associated with learning and memory (Leuner, Waddell, Gould, & Shors, 2006) . In a recent report, Erickson and his colleagues (2009) suggested that higher levels of aerobic fitness were associated with greater hippocampal volume in a large sample of older adults. In turn, greater volume was associated with better performance on a spatial memory task. In these analyses, Erickson et al. statistically controlled for the potential confounding influence of demographic characteristics such as age, sex, and education. However, a number of other factors associated with lifestyle that previously have been associated with cognitive function, including physical activity (Weuve et al., 2004) and body composition (Gunstad et al., 2007) , were not considered. These latter factors, coupled with age, education, and sex represent legitimate foundational elements of fitness, rather than being treated as simply noise in the system (i.e., covariates).
Given that the prevalence of memory problems in older adults range from 25-60% (De Jager, Blackwell, Budge, & Sahakian, 2005; Jonker, Geerlings, & Schmaud, 2000) , understanding the biological, behavioral, and physiological factors that may influence these problems is an important public health issue. This is particularly the case if some of these factors are modifiable through lifestyle change. Given that self-appraisals of memory have been associated with subsequent cognitive decline in older adults (Schofield et al., 1997) and with brain function (Small, Larue, Komo, Kaplan, & Mandelkern, 1995) , we were interested in further examining the association between cardiorespiratory fitness and self-appraisals of memory (i.e., frequency of forgetting). To do so, we significantly extended the data published by Erickson et al. (2009) in the following manner. First, we treated sex, age, education, physical activity, and body composition (i.e., body mass index; BMI) as determinants of fitness. Second, based on the animal and human literature that indicates that a well-functioning hippocampus is associated with spatial working memory and that exerciseinduced fitness is associated with hippocampal preservation, we hypothesized that the relationship between fitness and memory self-appraisals (frequency of forgetting) would be mediated first by hippocampal volume and, in turn, by spatial working memory. Third, we used path analysis within a covariance modeling framework to test the hypothesized models. Fourth, in examining relationships among the hippocampus, spatial working memory, and frequency of forgetting, we used sex, age, and education as covariates. Finally, because hypertension and cardiovascular risk factors are associated with hippocampal atrophy (Raz & Rodrigue, 2006) , and depression is correlated with more frequent memory complaints (Zelinski & Gilewski, 2004) , we used these factors as covariates in preliminary model testing. This allowed for a stringent test of the following two path models. In both, we hypothesized that being male, younger, more active, better educated, and having lower BMI would be associated with greater levels of fitness. In addition, being fitter was hypothesized to be associated with greater hippocampal volume, which would, in turn, be associated with better spatial memory performance (i.e., in Model 1, faster reaction time and in Model 2, better accuracy). Finally, we hypothesized that better spatial memory would be associated with less frequent episodes of forgetting. The hypothesized model is shown in Figure 1 .
Methods

Recruitment and Participant Characteristics
One-hundred fifty-eight older adults (105 female; 53 male) were recruited for study participation via local media (e.g., newspaper announcement, radio and TV public service announcements, and posting of flyers in the community). Participants were required to be between 60 and 80 years of age, not currently physically active, right-handed, have at least 20/40 vision in both eyes (or corrected equivalent), and have no chronic inflammatory diseases or surgically implanted devices. Joint replacements located sufficiently far from the head and thereby unlikely to interfere with the MRI were acceptable. Not currently active was defined as engaging in 20 minutes of aerobic activity on two or fewer days per week in the past six months. Other exclusionary criteria included claustrophobia, history of stroke, and depression as classified by the 5-item Geriatric Depression Scale (Hoyl et al., 1999) . Additionally, we screened for cognitive status. We initially used a score below 51 on the modified Mini-Mental Status Examination (mMMSE; Stern et al., 1987) as a screening criterion but retained several individuals with a slightly lower score whose performance on a battery of neuropsychological tests gave no indication of reduced cognitive status. Prior to all testing, all participants were cleared for participation by their personal physician and com- pleted an informed consent form previously approved by the university institutional review board. 
Measures
Demographic characteristics and health conditions. Participants completed a short questionnaire assessing basic demographic characteristics (i.e., sex, age, education, marital status, race) and self-reported health condition. From the latter, a measure of cardiovascular history was constructed. Conditions such as being diagnosed with coronary artery disease, peripheral vascular disease, experiencing shortness of breath, heart rhythm disorders, high cholesterol levels, and diabetes were checked as yes/no and all positive responses were totaled to provide a measure of cardiovascular health. Presence of hypertension was indicated as a yes or no response to the question of whether the participant had high blood pressure. Unfortunately, we have no evidence as to whether participants' blood pressure was controlled or not.
Body Mass Index (BMI). Height and weight were measured using a Seca electronic scale and stadiometer (Model 763 1321139). Participants were measured while wearing light clothing and without shoes. BMI was calculated using the standard formula of weight (kg)/[height (m)] 2 . Physical activity. Physical activity was assessed with the Physical Activity Scale for the Elderly (PASE; Washburn, Smith, Jette, & Janney, 1993) . The PASE is a 10-item measure that combines activities from several domains, including leisure, household, and occupational activities, to assess physical activity in older adults. We calculated a PASE total score by multiplying the total number of hours per week respondents spent participating in these activities by corresponding PASE item weights and summing across all activities. Validity evidence for the PASE has been reported for a number of exercise trials (e.g., Dinger, Oman, Taylor, Vesely, & Able, 2004; Washburn, McAuley, Katula, Mihalko, & Boileau, 1999) .
Cardiorespiratory fitness. Participants completed a physician-supervised graded exercise test (GXT) using a modified Balke protocol (Balke & Ware, 1959; Froelicher, Thompson, Davis, Stewart, & Triebwasser, 1975) . Participants walked at a brisk, self-selected pace on a motor-driven treadmill. The grade of the treadmill was set at 0% for a 3-min warm-up and the first 2-min stage of the test. For the second stage (minutes 3 and 4 of the test) the incline was increased by 2% with the incline increasing every 2 minutes by 2% or 3%, depending upon the subject's respiratory exchange ratio (RER). If the participant's RER was Ն1.0, the grade increased by 2%, otherwise the grade was increased by 3%. The test was complete when the participant terminated the test volitionally or the physician stopped the test due to medical concerns. At this point the grade of the treadmill was returned to 0% for the cool down. A ParvoMedics metabolic system and software were used to measure expired oxygen, carbon dioxide, ventilation, and respiratory exchange ratio. Blood pressure was monitored continuously and heart rate was measured via direct 12-lead electrocardiographic monitoring. Peak oxygen consumption was assessed via continuous sampling of expired gases and VO 2peak was indicated as the highest value achieved when meeting two of three standard criteria (i.e., plateau of VO 2; reaching agepredicted maximum heart rate; and RER greater than 1.10).
Hippocampal volume. High-resolution (1.3 ϫ 1.3 ϫ 1.3 mm) T1-weighted brain images were acquired using a 3D MPRAGE (Magnetization Prepared Rapid Gradient Echo Imaging) protocol. All images were collected on a 3T Siemens Allegra scanner with an echo time (TE) of 3.87 ms, repetition time (TR) of 1,800 ms, field of view (FOV) of 256 mm, an acquisition matrix of 192 ϫ 192 mm, and a flip angle of 8 degrees. FMRIB's Table 1 Demographic Characteristics of Study Participants Erickson et al. (2009) , FIRST is a model-based subcortical segmentation tool that uses shape and appearance models obtained from manually segmented images from the Center for Morphometric Analysis, Massachusetts General Hospital, Boston. These images are modeled as a point distribution model in which the geometry and variation of the shape of the structure are submitted as priors. Volumetric labels are parameterized by a 3D deformation of a surface model based on multivariate Gaussian assumptions. Regional volumes are typically adjusted for height and sex by calculating intracranial volume (ICV; Raz et al., 2005) . To determine ICV, we aggregated the sum of gray, white, and cerebrospinal fluid and subsequently used this to adjust the hippocampal regions using FMRIB's automated segmentation tool in FSL version 4.0. (Smith et al., 2004; Zhang, Brady, & Smith, 2001 ). Finally, we used an analysis of covariance (ANCOVA) method for adjusting regions in these analyses in which the adjusted volume ϭ raw volume Ϫ b ϫ (ICV Ϫ mean ICV), where b is the slope of a regression of an ROI volume on IVC (Head, Rodrigue, Kennedy, & Raz, 2008; Kennedy et al., 2009; Raz, 2004; Raz et al., 2004) . Adjusted volume was used in all statistical analyses reported herein. Spatial working memory. To assess spatial working memory, we used a task with outcomes that have been shown to decline with age and that reflect a genetic predisposition for Alzheimer's disease. (Greenwood, Lambert, Sunderland, & Parasuraman, 2005) . Briefly, participants fixated on a crosshair for 1 seconds (s) whereon one, two, or three black dots (set sizes) appeared randomly on the screen locations for 500 ms, followed by the reappearance of the crosshair for a period of 3 s. Following this a red dot appeared on the screen in either one of the same locations as the target dots (match condition) or at a different location (nonmatch condition). Participants had 2 s to determine whether the stimulus was matched or unmatched by pressing one of two keys on a standard keyboard. Each condition had 20 trials (Erickson et al., 2009 ) and participants were given several practice trials to familiarize themselves with the task and associated instructions. As noted above, three different set sizes were assessed in terms of reaction time and accuracy. Initial tests of the hypothesized model for each of the three set sizes produced identical fit indices (see preliminary model testing section). As we were interested in overall spatial working memory, we therefore used the average reaction time and average accuracy of response score by participants across three set sizes for all analyses.
Frequency of Forgetting (F of F). Zelinski and Gilewski (2004) have recently developed a 10-item version of the 33-item Frequency of Forgetting (F of F) scale from the Memory Functioning Questionnaire (MFQ; Zelinski, Gilewski, & AnthonyBergstone, 1990 ). The 10-item F of F scale assesses the frequency with which participants have forgotten such things as names, where they have put things, faces, and directions. Such items are relational in nature and therefore one would expect them to be associated with hippocampal volume and also with spatial memory tasks that involve a spatial instantiation of relational memory.
Items were rated on a seven-point Likert-type scale with lower ratings indicating more negative self-report, or a greater frequency of forgetting. Mean rating was calculated by summing all items and dividing by 10. The 10-item measure was developed by using the 10 best discriminating items from the longer 33-item measure using Rasch scaling procedures. Zelinski and Gilewski (2004) report excellent reliability across items and persons for the shorter version of the scale. Construct validity was demonstrated by theorized relationships with depression, conscientiousness, and actual memory performance (Zelinski & Gilewski, 2004) .
Data Analysis
Initial analyses examined the distribution of the data for skewness and kurtosis. All model variables followed a normal distribution, and there were no missing data for any of the study variables. Bivariate correlation analyses examined the initial associations among all primary variables. This was followed by a series of path analyses within a covariance modeling framework using the MLR estimator in Mplus (version 6.0, Muthén & Muthén, 1998 -2010 which is highly robust with non-normal, categorical, and missing data. The analyses examined the direct effects of sex, BMI, age, education, and physical activity levels on fitness; the direct effects of fitness on hippocampal volume and indirect effects of fitness on spatial memory (accuracy and reaction time) and F of F; the direct effects of hippocampal volume on spatial memory; and the direct effect of spatial memory on F of F. All paths between fitness, hippocampal volume, spatial working memory, and F of F were saturated for sex, age, and education and mMMSE score (i.e., treated as covariates on each path).
Model Fit
Model-data fit was assessed using the chi-square statistic, standardized root-mean-square residual (SRMR), and comparative fit index (CFI). The chi-square statistic assessed absolute fit of the model to the data (Jöreskog & Sörbom, 1996) . The SRMR is the average standardized residual value derived between the variance/ covariance matrix for the hypothesized model and the variance/ covariance matrix of the sample data (Bollen, 1989) . The value of the SRMR should be less than .08 for a good fitting model (Hu & Bentler, 1999) . The CFI tests the proportionate improvement in fit by comparing the hypothesized model with the independence model (Bentler, 1990) . The value of the CFI should approximate 0.95 or greater for a good fitting model (Hu & Bentler, 1999) .
Results
Descriptive Characteristics
The sample had a mean age of 66.49 years (Ϯ5.59), was overweight (BMI ϭ 29.91 (Ϯ4.39)), low fit (VO 2max ϭ 20.94 ml/min/kg (Ϯ4.74)), well educated (80% with 1-3 years of college or more), and primarily female (65.4%). One participant was 59 years at study entry and turned 60 years shortly after baseline. Table 1 presents further descriptive data on all variables for males, females, and the total sample. Table 2 shows the frequency of self-reported health conditions within the sample.
Correlational Analyses
As can be seen in Table 3 , all hypothesized correlations are significant at the bivariate level. That is, being male, younger, better educated, more active, and having lower BMI was signifi-cantly associated with having higher cardiorespiratory fitness (all ps Ͻ .05). BMI and physical activity were not significantly correlated with hippocampal volume, spatial memory, or F of F. However, being fitter was associated with greater hippocampal volume, better spatial working memory performance, and less frequent forgetting episodes ( p Ͻ .05). Cardiovascular conditions and hypertension were associated with lower fitness levels and depression was correlated with memory complaints. Additionally, being older was associated with lower hippocampal volume, poorer working memory, and more memory complaints.
Path Models
Preliminary model testing. As the spatial working memory task was composed of three set size tasks, we conducted six preliminary path analyses (2 (behavioral outcomes; RT and accuracy) ϫ 3 (set sizes)) and compared the model fit for each size against the model using average set size scores. In all cases, the model fit indices mirrored those of the average set size model with identical CFI (1.00) and SRMR values (.02). The paths between hippocampal volume, reaction time and accuracy for each set size, and memory complaints were then statistically compared. None of these paths were significantly different from each other within each behavioral outcome, supporting our decision to use the average scores to examine overall spatial working memory in subsequent model testing.
Because hypertension and cardiovascular risk factors have been associated with hippocampal atrophy (Raz & Rodrigue, 2006) and depression is correlated with more frequent memory complaints (Zelinski & Gilewski, 2004) , we next conducted analyses using these variables as covariates. Participants were classified as self-reporting hypertension or self-reporting the presence of cardiovascular disease based on their health history. Depression scores were derived from screening assessments using the 5-item Geriatric Depression Scale (Hoyl et al., 1999) . Neither hypertension nor cardiovascular disease status were associated with hippocampal volume, spatial working memory, or F of F and were subsequently dropped in final models. Similarly, the bivariate association between depression and memory complaints was no longer significant when all variables were included in the path models. Interestingly, modification indices suggested that a direct path from hippocampal volume to F of F would improve the model fit. Consequently we added this path in final model testing.
Final model testing. Figures 2a (RT) and 2b (accuracy)
show the final models. All paths shown are significant and values reflect standardized path coefficients. Model 1 (see Figure 2a) provided an excellent fit to the data ( 2 ϭ 3.85, df ϭ 11, p ϭ ns; SRMR ϭ 0.01, CFI ϭ 1.0). In this model, there were significant ( p Ͻ .05) associations of sex (␤ ϭ .48), age (␤ ϭ Ϫ.45), BMI (␤ ϭ Ϫ.31), and education (␤ ϭ .11) but not physical activity (␤ ϭ .07) with fitness. These findings are consistent for both models and will not be subsequently repeated. As hypothesized, being male, younger, better educated, and having lower BMI were associated with higher fitness levels. Being younger (␤ ϭ Ϫ.22) and fitter (␤ ϭ .39) were significantly associated with having greater hippocampal volume. In turn, there was a significant direct effect of hippocampal volume on mean spatial memory reaction time (␤ ϭ Ϫ.21). Additionally, males had faster reaction (␤ ϭ Ϫ.25). Both hippocampal volume (␤ ϭ .12) and spatial working memory reaction time (␤ ϭ Ϫ.15) were associated with lower F of F. Finally, participants with higher levels of education reported fewer memory complaints (␤ ϭ .18). Overall, the model accounted for 53% of the variance in fitness, 34% of the variance in hippocampal volume, 17.1% in reaction time, and 15% in F of F. Model 2 (see Figure 2b ) was also an excellent fit to the data ( 2 ϭ 6.45, df ϭ 11, ns; SRMR ϭ 0.02, CFI ϭ 1.00). Age had a significant direct effect on hippocampal volume (␤ ϭ Ϫ.23) and mean spatial memory for accuracy (␤ ϭ Ϫ.21). There was a direct effect of fitness on hippocampal volume (␤ ϭ .39), which in turn was significantly related to mean spatial memory for accuracy (␤ ϭ .18). Additionally, there was a direct effect of mMMSE status on spatial memory for accuracy (␤ ϭ .20) . Greater accuracy was not significantly associated with lower F of F (␤ ϭ .06); however, hippocampal volume had a significant direct effect on F of F (␤ ϭ .14). Again, greater levels of education were associated with fewer memory complaints (␤ ϭ .21). Overall, the model accounted for 53% of the variance in fitness, 33% of the variance in hippocampal volume, 14% of spatial working memory accuracy, and 12.6% in F of F.
Discussion
In the present study we tested the hypothesis that cardiorespiratory fitness is associated with frequency of forgetting indirectly through its influence on hippocampal volume and, in turn, spatial working memory. This hypothesized model used sex, age, physical activity, education and BMI as determinants of cardiorespiratory fitness and saturated all other hypothesized paths for demographic characteristics. For the most part, our hypotheses were supported. These data may have important implications for understanding the everyday memory complaints that are associated with the aging process and, to our knowledge, represent the first data showing associations between fitness, brain structure, cognition, and frequency of forgetting.
Several issues are of interest herein. First, much of the literature examining relationships between cognitive function and factors such as age, sex, physical activity level, and BMI has typically considered these factors as independent determinants or, alternatively, confounding variables for cognitive function. However, as others have noted, these variables are determinants of cardiovascular fitness (Steinhaus et al., 1988) and may have indirect as well as direct effects on aspects of cognitive function. Our findings suggest this to be the case with one exception; physical activity, although associated with fitness at the bivariate level, was a nonsignificant contributor when age, sex, and BMI were included as predictors. This may perhaps be a function of the manner in which physical activity was measured, that is, via the PASE, and further examination of this is warranted. Indeed, it would be of interest to determine whether objective measures of physical activity, such as accelerometers, operate in a similar fashion. Alternatively, our sample was predominantly female, older, and overweight, and it may be that these demographic and body compositional factors are simply suppressing the effect of physical activity.
Interestingly, as might be expected, several demographic factors influenced other components of the hypothesized models, as well as being a primary determinant of cardiorespiratory fitness. For example, being older was associated with lower hippocampal volume and less accurate spatial working memory accuracy. Importantly, the bivariate correlations between age, hippocampal volume, and spatial memory RT and accuracy were all significant. However, these associations were attenuated or rendered nonsignificant when cardiorespiratory fitness was included in the model. These findings suggest two things. First, the relationship between age and spatial working memory operates through multiple pathways. Second, they support the position that higher levels of fitness may partially offset age-related declines in brain structure and function in older adults (Colcombe, Kramer, McAuley, Erickson, & Scalf, 2004) . Additionally, being better educated appears to have a direct effect on the frequency of forgetting even when controlling for all other variables in the model. Possibly, education allows individuals to develop strategies to offset memory lapses as we age. Finally, men had faster reaction time than women but there were no differences in their accuracy of responses. Other reports of reaction time in older adults have also suggested that males have faster responses than females (Lord & Fitzpatrick, 2001 ).
Although our earlier study (Erickson et al., 2009 ) supports other reports in the literature that suggest that fitness offers a protective effect on brain health (Cotman, Berchtold, & Christie, 2007; Hertzog, Kramer, Wilson, & Lindenberger, 2009 ), the major contribution of this report is the subsequent link to memory selfappraisals. Older adults' assessments of their memory are typically voiced as difficulties in their inability to remember names, places, directions, and so forth. Our data suggest an indirect effect of fitness on frequency of forgetting, in part, through the hippocampus-spatial memory pathway. This latter link appears to be the case with speed of spatial working memory responses but not in terms of accuracy. Additionally, there was also a direct association of hippocampal volume with frequency of forgetting, indicating that the retention of hippocampus volume, in part as a function of higher levels of fitness, contributes to fewer memory complaints.
Although we attempted to recruit participants who were cognitively intact, and our conclusions are drawn on this assumption, we cannot rule out the possibility that some of our participants, who reported frequently forgetting names, places, locations, and so forth, might meet the criteria for being diagnosed as having mild cognitive impairment. Indeed, a meta-analysis by Heyn, Abreu, and Ottenbacher (2004) reported an overall medium effect size for fitness training effects on cardiorespiratory fitness and cognitive function outcomes in older adults with cognitive impairment. Additionally, positive effects of exercise training recently have been reported in women with mild cognitive impairment (Baker et al., 2010) . Nevertheless, whether the relationships described in this paper hold in cognitively impaired samples remains to be determined.
There are several features of this work that bear further discussion. For example, one might question why we have focused upon the hippocampus rather than other areas of the brain. There are several reasons for this. First, the spatial working memory task used in the present study assesses a type of relational memory, which is highly dependent on the hippocampus (see Konkel & Cohen, 2009 , for a review). Second, it is important to underscore that we do not view the hippocampus as the only, or perhaps even the most important, structure for spatial working memory performance. Indeed, our findings and those of Erickson et al. (2009) suggest that the volume of the hippocampus only partially mediates task performance. Thus, the hippocampus can be thought of as a part of a network of regions involved with spatial working memory performance.
Although our findings suggest that lower cardiorespiratory fitness is associated with decreased hippocampal volume, it is clear that other factors are involved in atrophy. As noted by Raz & Rodrigue (2006) , healthy older adults show volume shrinkage rates that are twice that of their younger counterparts. Our data show an independent direct effect of age on hippocampal volume, with our older participants having greater atrophy. Additionally, physical health conditions such as hypertension and cardiovascular conditions have been reported to influence brain structure detrimentally (Raz & Rodrigue, 2006) . However, our analyses were unable to detect any effect of these conditions on hippocampal volume, although we acknowledge that we employed relatively healthy participants in our study and fairly crude assessments of medical conditions. Moreover, we did not have data to determine who had controlled versus uncontrolled hypertension. Depressive mood has previously been associated with frequency of forgetting (Zelinski & Gilewski, 2004) , and in the present study there was a significant association at the bivariate level. However, this relationship was no longer significant when tested in the path analyses.
We are conscious of the limitations of our cross-sectional design and the obvious inability to assign cause and effect relationships in the models tested. Although the hypothesized sequencing of variable relationships make intuitive sense it is also quite possible that a reciprocal pattern of associations exists. In addition, the present design did not allow us to examine potential cross-lagged effects of some model constructs on other components of the model. Longitudinal panel models would be required to test these latter effects. Of course, the definitive test of such relationships will be in the context of a randomized controlled trial whereby an exercise condition designed to improve cardiorespiratory fitness is compared with a nonaerobic activity condition. In this way, the extent to which the proposed models hold when reflecting changes in the key constructs due to the intervention can be tested. Only under such conditions can we determine whether improvements in cardiorespiratory fitness result in a preservation of hippocampal volume and subsequent spatial memory performance and frequency of forgetting. Additionally, there are ample data to suggest that nutrition and other lifestyle activities (i.e., engagement in activities associated with cognitive demand) are implicated in brain health and processing. The extent to which these are independent or interact with fitness has yet to be definitively determined. In addition, it will be of interest to determine whether the hypothesized relationships hold true when analyzed separately by sex. Unfortunately, our sample was not large enough to conduct such analyses. Finally, personality characteristics such as conscientiousness have been associated with a number of health conditions (Bogg & Roberts, 2004) . Inclusion of such measures in subsequent studies may lend further insight into the veracity of the model tested. To our knowledge, this is the first study to examine the proposed behavioral, physiological, brain structure, and cognitive influences on subjective memory complaints, a condition that reliably affects a considerable proportion of older adults (De Jager et al., 2005; Jonker et al., 2000) . Our findings will require replication and extension possibly by testing the effects of a systematic intervention to enhance cardiorespiratory fitness and thereby change in hippocampal volume, spatial working memory, and memory complaints.
